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ABSTRACT 
 
This study examines the performance of digital ink-jet printing on cationised cotton, 
which was treated with Polyepichlorohydrin-dimethylamine (PECH-amine). The 
results show that the color yield of ink-jet printing with reactive ink on cationic 
modified cotton is much greater than that on untreated cotton. The effect on the increase 
of color yield by cationic modification is greater than that by preparation with alkali, 
urea, and thickener. The reason for this is that the introduction of positively charged 
sites increases the dye uptake and dye fixation on cationised cotton. The results also 
show that the cationic modification with PECH-amine decreases the rub fastness but 
increases the wash fastness of the treated cotton.  
 
Introduction 
 
In digital ink-jet printing, the pattern is introduced into computer in digital form and 
processed by computer color separating system, then it is ink-jetted onto fabrics 
through a nozzle (piezo or thermal) controlled by the computer. After drying, steaming, 
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washing and finishing, a colorful, fine pattern fabric is obtained. The production looks 
simple and is instant. Digital ink-jet printing eliminates the traditional processes of 
color separation, drawing and screen preparation. It shortens product development time 
and can achieve  “right first time” and “right on time” delivery [1]. In digital ink-jet 
system, four basic inks (CMYK – cyan, magenta, yellow and black) are used with 
several extra inks to produce around 16,700,000 colors.  
 
In the conventional printing, reactive dyes are used for cotton and cotton blends which 
make up about 25% of the entire textile printing market[8]. At present, the reactive 
inks for ink-jet printing are available on the market but are relatively expensive. There 
is a problem that the color yield obtained on ink-jet printed cotton fabrics is quite low. It 
has to be jetted more than one round on specific patterns to get a darker color. 
 
There are many studies on cationic modification of cotton to improve the dyeability [2, 
5]. The purpose of the cationisation of cotton is to increase the neutral substantivity of 
anionic dyes for cotton by introducing positively charged sites on the cotton[2]. There 
have been reports of pretreatments for cotton to increase its dyeablity to anionic dyes, 
using compounds such as glycidyltrimethyl-ammonium chloride, polyamide 
epichlorohydrin resin with/without thiourea or ethylenediamine [3,4, 6,7,9,10,11]. 
Polyepichlorohydrin-dimethylamine (PECH-amine) can be used to improve the 
dyeability of cotton not only with direct dyes but also with reactive dyes[9-11]. 
Dyeing modified cotton with both dyes only requires a small amount of salt, thus 
promoting the efficiency of the dye –fibre reaction under neutral conditions[9-11]. 
This reminds us that in printing we usually do not use salt in paste and we also hope to 
decrease the hydrolysis of reactive dyes by eliminating the use of alkaline as fixation 
agent. This will also be good for the environment. The question is, could the cationic 
modification of cotton improve the color yield of ink-jet printing? This study 
investigates the improvement of color yield of ink-jet printing and the dyeing property 
with reactive inks on PECH-amine pretreated cotton.  
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Experimental 
 
Materials and Chemicals 
We used a white plain weave cotton fabric pretreated with singeing, desizing, scouring 
and bleaching throughout this study. The chemicals used in this study are all of CR 
grades. 
 
Preparation of PECH-amine 
We prepared the polyepichlorohydrin-dimethylamine (PECH-amine) as 
follows[9-11]:  
 
The first step in the polymer’s preparation was polymerization of epichlorohydrin 
by a ring-opening mechanism in carbon tetrachloride with a boron trifluoride 
etherate catalyst to produce poly(epichlorohydrin) (PECH), in which 200g 
epichlorohydrin was slowly added at 29 oC over a period of 6 hours and vacuum 
dried at 60 oC. Then the amine derivative was achieved by adding 60g 
dimethylamine to 33g PECH at 95oC slowly for 1 hour and reacted further for 8 
hours. The molecular mass (Mn) of PECH obtained is 1,550 and the Nitrogen 
content of PECH-amine is 2.10%.  
 
Cationic modification of cotton with PECH-amine 
We treated the plain fabric of cotton with 4g/L PECH-amine and 4g/L NaOH in a 
liquid/fabric ratio of 50:1 from 50oC to 95 oC. We kept the treated fabric for 50 min, 
then washed and dried the fabric. 
 
Measurement of dye uptake and dye fixation  
We calculated the dye uptake and dye fixation as below: 
   Dye uptake = (A0 ­ A)/A0×100                                (1)    
   Dye fixation = (K/S)I / (K/S)0                                    (2) 
Where A0 is the absorbance of original dye bath, A is the absorbance of residual dye 
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bath after dyeing, (K/S)0 and (K/S)I are the color yields of dyed cotton fabrics with 
reactive ink measured before and after extraction. We extracted the dyed fabrics at least 
two times with special extracting solutions at 90oC.   
 
The recipe of extracting solution is: Urea 500g/L, NaH2PO4 28.08g/L, Na2HPO4 
38.66g/L, and non-ionic surface active agent OP 5g/L. 
 
Ink-jet printing on cotton fabrics 
We used an A’TEX DIGITAL PRINTING SYSTEM and the A’TEX reactive inks (C, 
M, Y, K) for the printing. The whole process included fabric preparation, ink-jet 
printing, steam fixation and washing off. The fabric preparation includes: (1) not 
preparing the fabric with any agents at all; and (2) padding the fabric with 4% alginate 
thickener, 3% urea and 4% NaHCO3. We carried out the steaming process at 1020C for 
25 min and then washed the fabric with especially prepared detergent to avoid heavy 
staining in the white area. 
 
Measurement of color 
We used a Data color SF600 to measure the K/S of printed fabrics and a Unico-2000 
spectrophotometer to measure the dye solution. 
 
Test of color fastness 
We tested the washing fastness and rub fastness according to  ISO 150 –C03: 1989 and 
ISO 105 – X12: 1993. 
 
Results and Discussion 
 
The dye uptake of cationic modified cotton with reactive inks 
Figure 1 shows the dye uptake behavior of the treated and untreated cotton substrates 
with PECH-amine, dyed with 4 reactive inks (C, M, Y, K). It is obvious that there is a 
much higher dye uptake on the cationic modified cotton than the untreated cotton, and 
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the dye uptakes among the four inks (C, M, Y, K) are also different. The introduction of 
positively charged sites on cationic modified cotton has obviously resulted in the 
increase in the uptake of anionic dyes from the inks and hence the improved dyeability 
of the treated cotton[2-7,9-11]. 
  
Dye fixation of reactive inks on cationic modified cotton 
Table 1 lists the dye fixation and uptake results. We carried out the dyeing experiments 
at 90oC for 60 minutes and the dye fixation with alkali on cotton at 90oC for 30 minutes.  
        
Table 1 Dye fixation and uptake results 
Fabrics Reactive ink C Reactive ink M Reactive ink Y Reactive ink K 
uptake Fixation uptake fixation uptake fixation uptake fixation 
  1 
  2 
  3 
  4 
7.43 
 23.60 
79.28 
81.63 
22.27 
59.14 
88.77 
90.57 
3.21 
5.95 
59.21 
59.83 
8.17 
13.19 
88.69 
89.32 
8.48 
9.74 
61.71 
68.13 
13.79 
21.21 
92.57 
97.07 
9.16 
11.04 
39.57 
40.77 
21.44 
26.21 
85.14 
89.55 
(1 untreated cotton; 2 untreated cotton dyed with 40g/L NaCl and fixed with 10g/L NaHCO3; 3 
cationic modified cotton; 4 cationic modified cotton dyed with 40g/L NaCl and fixed with 10g/L 
NaHCO3.) 
  
Table 1 shows that on the untreated cotton, the adding of salt and fixing with alkali  
increased the dye uptake and the dye fixation. The level of increase depends on the type 
of dye used. It seems that the increase of dye uptake and dye fixation of reactive ink C is 
comparatively higher, for the other three inks the increase of dye uptakes is quite small 
and the increase of dye fixation is slightly greater. However, we can see that the cationic 
modification greatly improved both the dye uptakes and dye fixations of inks on cotton 
for these four colors, and some further increase occurred when salt and alkaline were 
added. 
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Color yield of ink-jet printing on cationic modified cotton 
Figure 2 shows the color yield results for the treated and untreated cotton printed with 
four reactive inks (C, M, Y, K). We can see that the cationic treatment greatly enhanced 
the color yield of ink-jet printing both on unprepared (1) and prepared cotton with the 
plain paste (2). On untreated cotton, the plain paste of thickener, urea and alkali 
increased the color yield significantly, but on the cationic treated cotton this effect is 
very small. In fact, the color yields on cationic treated cotton with no preparation of 
plain paste were greater than that on untreated but prepared cotton. This suggests that 
cationic modification of cotton with PECH-amine is a very effective way of increasing 
the color yield of ink-jet printing. 
 
The color fastness of ink-jet printing on cationic modified cotton 
There have been reports of the color fastness on cationic modified cotton[5, 9-11]. 
We tested the rub fastness and the wash fastness of ink-jet printing on untreated and 
treated cotton fabrics and summarized the results in Table 2. 
 
Table 2 The color fastness results 
Inks Fabrics 
Rub fastness Wash fastness 
Dry Wet Shade change Stain on cotton 
Reactive 
ink C 
untreated 
treated 
4-5 
4 
3-4 
2-3 
4 
4-5 
5 
5 
Reactive 
ink M 
untreated 
treated 
4-5 
4 
3-4 
2-3 
4 
4-5 
5 
5 
Reactive 
ink Y 
untreated 
treated 
5 
4 
4 
2-3 
4-5 
5 
5 
5 
Reactive 
ink K 
untreated 
treated 
5 
4-5 
3-4 
2 
3-4 
4 
5 
5 
 
The fastness test revealed that cationic modification enhanced the wash fastness of 
ink-jet printing of cotton, but decreased the rub fastness especially in wet rubbing. On 
the untreated cotton, the wet rub fastness was 3-4 points. With the PECH-amine 
treatment, the modification mainly happened on the surface of cotton fibers because the 
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high molecular mass of PECH-amine blocked it from penetrating into the 
fibers[5,9-11]. Those positively charged sites introduced by PECH-amine 
concentrated on the surface of the fibers and attracted much more anionic dye on the 
surface than within the fibers. This is the reason for the reduction in rub fastness. When 
we scoured the printed fabrics with special detergent, the dyes unfixed to the cotton 
including hydrolyzed dyes were washed away. In washing condition, the interaction 
between cotton (with introduced positive sites) and the dyes was much stronger than 
that on untreated cotton. With the increased wash fastness, cationic modification with 
PECH-amine could be a good pretreatment to achieve a high color yield for ink-jet 
printing of cotton. 
 
Conclusions 
 
The cationic modification of cotton with PECH-amine can increase the dye uptake and 
dye fixation of reactive inks onto cotton because of the introduction of positively 
charged sites. When modified cotton was printed with ink-jet, the color yield was 
greatly increased and the extent of increase was higher than that achieved through 
preparation with alkali, urea and thickener. Even though the rub fastness was decreased, 
the increased wash fastness could make PECH-amine modification a good pretreatment 
for getting a high color yield in ink-jet printing of cotton and thus some expensive 
reactive inks would be saved. 
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(a) Reactive ink C 
 
(b) Reactive ink M 
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(c) Reactive ink Y 
(d) Reactive ink K 
 
Fig. 1 Dyeing property of untreated and treated cotton with reactive ink (C, M, Y, K) 
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Fig. 2 Color yield (K/S) of ink-jet printing with reactive inks (C, M, Y, K) 
( Co, Mo, Yo, Ko –- untreated cotton; Ct, Mt, Yt, Kt --- treated cotton; 
Legend 1 -  Unprepared; Legend 2 - Prepared by padding with plain paste including 4% alginate 
thickener, 3% urea and 4% NaHCO3) 
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